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1 

U ttffcBtfJI* *«E*JI, XWfflE««E*JB*JTO 

^te^gi^^jtsm i at/m 2 ©Kj*o-t*i-«ifc»»* 

ft < £ t(WrE««rt-CiWlB* l oBMomettftttttft 

So 

U *l*>*flsfl*JI, S&2<z>att;@3tl/B, l!fJfSS&l& 

<nmtmmm t mumtmmm t <z>ra m^-t *>% 1 *> 

#MttttflT ^u ? fjiem2 6o^{b@^^Sfj|Bm^ia^ 
koBfc^«i-*«2«>WitttJi«rf|*., miSttXISA 

aiaffjE* i Rvm 2 ^>iB««>*ix-enfc»a«it*:«E 
<njjfa t «a!*fRi (oi 2 ^ ^BBr-x-fk * 

te*©«ffc©#l«0*:K«*Hi\ ME* l Jltf*2 <D*ffc 
B*Jitt1i^«#©*ft*rlfflE* l o^rft £ flfrE* 2 co 

ft< i t>MBm ATtNBH l «)B««)ttEMttM[tt 

go 

3 ] me* i i ^otgoM^co^n 

«xtt1WB* i Xt/« 2 o#«ttJi o 5 ^stjiem i <n& 

o£r^.§_o'>ft < £ <>j!fjEft*rtT-fliJE* 2 *>E*o 
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L*:* 2 <0B3iteJgi£ S & JWSf 1" £ £ k 
1 7S£tt#« 3 O^T i JB^E*o 

r t «r»»tt5»*a i ^sn ^Jg4 <d^-t tn>> 1 qc 

[M*a 6 ] ffiE* l *>*ttKoflliE* l 0>E*ft>JI 
*36rrtllc»ofc**r4, fflEttX«tt#JM^tfflB* l 
<OE»<&A¥#ftt£ftofcS£(Dl. 2fS&l±^A>sr 
£ t5»*« l 7bmn#& 5 co^-f frfr i 

E*^^SvEt6$l«o 

7 ] SUE* i oatttfltamEKibftatfi: y ? 

U S9E« 1 2fet^« 2 (DUB. 

^ t-tz>m*m 1 7i?M!it3fcJi 6 to^-rn^ 1 m\^m<om 
[t«^Ji8] (WEJiri <nm&m*. c o - f e 

I, Co-Fe~Ni^^^, Co- (Zr, Hf, N 
b, Ta, T i ) JR, ^^^7^77^1^ 

ft < t> l »o»ie$r#x.7t^ ^#tS^-r^|f l 
T^^IS^ii 6 <z>i vf*t*» l JR^E*^«»E«K«o 

[w**9] MrE#atttJia#«tt h^^a-cfcs 

r $r4#« t -t 5»*Jg 1 7bSI»*qi 8 o^fM» l « 

[«3K9I l 0 ] ffiEB«E1ft£1Etf EOT £1fttt£K 
^B^fe*^mE**Ett««ua^-fe>^*«Sr«|«l 

l 7!?3g|f *JB 9 (D^-ttifr l «(:|Et^^ 

[0 0 0 1 ] 

^ [0 0 0 2 ] 

^7t, «ft«a»**^Sr, a$CESSIg (««lgSt» 
H^^y) ftjf j: UTfiJM-rsc j:t>**dtkTv>S. 

^vie^^gli, ^*«tt<OE«3&«-5If6T*>i? ,10ns 
e c *«0*#5&^«FBB2lt/K^ffl LB^ra, 1 0 15 0^r 
^X.5S#^X.Ih3S:, Mt/ICDRAMt*lC/hSftt;u 

5^? [0 0 0 3] ^r^J: 5ft3£B£te h >-^S-&«rffit^K 
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5 fc«*E«K«o*«'^Mftttifc* as* or 
[0 0 0 4 ]«i«, itttliiCfiO. 7nm- 
2. 0nmO*V^AlBSrfitJRLfcft, -t^SBtK* 

^n-M*fcliSi^i:Sf:daotA l 2 o 3 

2 0%JBL±OflS«lSSt«^*^»bnr^S (J. 
Appl. Phys, 79, 4724 (1 9 9 6)). 

Ji^— *«rS5fi«i4*i:«^-&*3-fr, te#4:*{fcB*0 
fc Lfcfl**fc***JxT^6 (ftl¥l 0-4 2 2 7f 

[0 0 0 5 ] _b5£co£ 5*c, 3tttttilh^;u«^f 

fetter, ^^^^B#co^sm^^^c^^^^^ 

Pp1ffi£:*LT^5 0 

[0 0 0 6 ] .LEHJJKfcittU *&EJ»ft/»m£K3tt 

nt^5 (*i«ftl5, 6 5 9, 4 9 9*, 

f 5, 9 5 6, 2 6 7 t, 5, 9 4 0, 3 1 

9 &u ( BR4*f> s ttiBrwo 00/10172) 0 rft 
6>oa*EitSS«fcJ:ixtf, ElftofflHiciCSttWRas 

[0 0 0 7 ] Ld'L&atb. ^i#fFf 5, 6 5 9, 4 
9 9*3&«IB^-*-S««;E«SS«Ttt, ««»«:«l*KO 

E»*^#{ctofcoT*&-«c«»*Hi*D-*-s r ^ #r-# 

ttV\ *|ftfFS5, 9 5 6, 2 6 7#Xt^*S 

ftt^f 5, 9 4 0, 3 1 9f^|i/Tt5^|2igtT- 

o X b \z. l »^«fb@»JBB|^aftE«JB«:^**-frr 
0 0/ 1 0 1 7 23&^H*-*-5«ftE«J6««:, 

[0008] ^7t, iaL/tssattiicK^-*^**^ 
^nr^-So rnb««tt h^/u«^rt> 2 o%£Ji± 

0«»S*t«ft*##kftT*3t> (Phys. Rev. 



(3) &m 2002-110938 

4 

B 56 (10) , R 5 7 4 7 ( 1 9 9 7) . , JSfflBfc 
S^2 3, 4-2, (1999), Appl. Ph 
ys. Lett. 73 (19), 2829 (199 
8) ) , Lj&^fc, 5tet4 2S h^^ia^^, Bf 

aou*mEEffi*»5ys:«>^aftE«»«icRnaD'r^« 

[0 0 0 9 ] L*»Lft3&*b, at«i*2l[ h>-*yu*-&*r 

U»m tt i h v^/u^ y r/i&tf i #<DE£-fbB*/l 

T*jh^Jx«#Sft5jtfc* iE^aWM 5 ^ 

SrSrjSJS Lit^ ITt , ttftEMIc*Xa#*r#i*n 

>-*^«-fr*r«t^«*Et»««tt, tSii^WoiS* 
[0010] 

l*«aM?»L«t 5 ±EPp1JH^C 
(S**ixfc««EtiSS««r««-r« w t Z i n ^ts 8 

[0011] 

[K«4r**-*-5fc«><0#«] ±E*««r»*-r«5 3ft:«> 
tc, **?Jtt\ «SH*S6LJ.o*|IBLfcJISlJlt/*2 
*>E«fc, ftJl5mi^TJ ; m2 60g£j^^^5:^S!^-f £^ 

«rt£4fc«u wtifi, ixem,' xwisas; 

E»Jl^mEKfkB*«i:^HI^^-r**«ttJi*:« 
x., WE«»E»«ttTOE*lRt/Jll2 0E««>*n* 

co^-fpii:^|a«i o^rfS]^|^^^|^coB2 o#f«]£(7)ffl 
fbH#*»WE«»o*rti*:WE»lo*WiJ»E*2 

7R(0^fiid>-oS:$*lo'>4< tt>»E««rtT 
SiE* l ^EI*wWE«ftStt»*Ki: ro»|p]ffio»E 

[0 0 12] *S51^S53ILJ.o@tPflL 
f^m 1 2 OffiJH £ , JfflEJB 1 RXtn 2 G>Ett#ffl 

Xfc££r*««rtfc:tt1IU SloMlfl, 12 
*>*<ffc:B#/B, WE»lJ«/»2 0«ffcB*JlKI«cfr£ 
-TSttSMBfiUl, mEjBl<o«{kB*Jiii!aEittftE» 
ii^BI:^t5*l^«tti, Jttf«rEjfi2a>* 
<bB*J| ^ ffirEOtftEM t ^Pfl tc^ffi-r 512 oim 
te/iiHix., WE«ftE»JBW:ff!rE*lXVjR2 0EIR 

50 |Si Sr» i © *ffii iffllEi i w*(fi) i: of 2 
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Lfc* 1 £ t *r4*»i: -*-5**E /0 

[0 0 13] £<=>fcL, *BSfc**LJLoBIH 
Lfc»lRtMB2<DEI*£, StJES 1 AXtm 2 (OE8ii 

2 0«ftl*|, mE3BiXVJB2 0«{kH#JiKI^^ 

on jttfME*2<D 

ttftBM £ *trE«*E»* £ <^fflfc::fr&-r 5!B 2 co^ 
TOE«*E«»tt.lWE*lX^*2^iB 

*W £m l <7># ft £ ffiGff i co^ffi] £ tt3!*fiiojff 2 o 

■ti\ MESS lRXJfim2 (7>Mitlli«li2l#wMSr 
ffitam i t ftjiam 2 o^ft £ *>n&-c«fls**fc» 

4>ft< fctittEfl(*rt^WEJisi«)Ei»«>inrE«* 

JStt»»K^o»|fiffi<DMfc#lft^6*»JtVlWE» 

1 ©EIII«)PHiB4:**t**i»rt+* l 
fiXltSloOT^Ml, fulfil #<a{IOI£^*r 

n-€*tBiWE* i rvjb 2 <D$m&m<n ? hmmm in jo 

««E*SS««:«l*-*-S. 
[0 0 14] jDtt, *iSfci3^L.§.oH£Rfl 
LfcSBl Xtf*2£>E*6£* l»E» 1 Xt/« 2 roEIM* 

2 0Mltl, mfEmi&U ? M2 0^{t@#jlKtC^ 
fttSttftlBfti, iWE*io«{fcB*Jl£fflEraaE 

sftiti t iffiEtt&EftJi £ 60 ps^ft-r si 2 <d#e 

a&g£{itx., iiEf «CMN:IKlG» 1 Iltf « 2 oiE 40 
*IrJ*t*i o*"iSii:mE*l o*|6ji:tta?*|pj^JS2 0 

!WE»iXtf»2 0«ftB»«WtlWE«#^*riRl«: 
gtjEm l tf>2f ft £ MESS 2 *>#|Si £ <o|HT«{kS-erfc» 

t. 4>fc< i:t>lWE««rtTj»E*i^EI»«>JttE«ft 
»«»*Bi:«>»fp)ffiO*a5i:#|S)"#-6fl£»Jtl/mE* 
l ^EJR^mflOBfc-tix-fnSlPl-rs l»^ffllffi«S*rffl? 



4#M2 002-110938 
e 

m 1 <DB£ttJ8i<£>itfjE 1 ^coffliea5raicfl:eLT^5 r..^ 

£4#t» t + 5*«E*««*r«tM-*. 
[0015] fe*3, *3l^T, ft 1 (D«ttJRtt % 

[0016] **w^*3^r, «ib*-ip]3&«HSSixyt« 

tt«EM. «ft*m*B3e**tfcjii2«>a[«B»Ji, 

[0017] tsflfcfe^r, ffift»«:»*«a*JB 1 2t 

ttl:««t5^t^5o mil ^T^i 
a«r»fflt5i £K£ t)SS^1?i?S 9 -Ttt^fe, SB 

■k»lt, «lco#N«tt«Xt/^E®*offi«rJ:!9 
/£< Uof 1 <7>m<fcB*;i<7}*I£J; t>*< It, Hi 

o^tts cxu^mtm^umm t 
iiioi 1 oitttt«^+*iisia*ttaftE»iii-» 

[0018] *^«(c*5^r, KKttttAbJIURa^ 

^E^®oi?i^ ( i:i9«< IT, f l^ftg^Mt^ 
±El»o{UM^^^ffi3®FflcD^ge(Ti:'r-5o 
^rttbffllMfflffl^aSESSSrffie^-frnii, 



T 

m-t 5 m » £ flt ^ $ it Z ^ » T*# S o 
[0019] **WJci3l^T, « 1 olttioSi (Did 
«<0***ftfcfiofc«*tt, l 

2&*#*L<* 1. 5««±T?kS;L£#J:&#*LlS 

[0 0 2 0 ] mi &U<3I 2 <7>Ifi«U2, fl. * > 

tttt, CuIi:CoFeNii^(Daii»Wj;5l^ 

ffifttS: 4:ttftv\ Lfc^ot, :oS$, IB«I£1 

[0 0 2 1 ] mi HI 2 0>«ttHtt. C o - F e 
JK, Co-Fe-Ni Co- ( Z r , H f , N 

b, Ta, Ti) I, (Co, Fe, Ni) - (Si, 
B) - (P, Al, Mo, Nb, Mn) Zkti: ¥<DT ^r/U 
7 7^tt»JR, RXI (Fe, Co) - (B, Si, H 
f, Zr, Sm, Ta, Al) - (F, O, N) ^ft^' 

^^■•rssffifp^v ^ h^tta-^jK-^ (f e, co) 

- (B,.Si, Hf, Zr, Sm, Ta, Al) - 

(f, o, n) ^fc^&m-^&m-^y y=7-=L7m 

[0022] ^{b@*SX^«Is®«fi, ^rix-Mu 

Fe, Co, Ni, ^iX^O-^, MNiMnSb^ 5 
P t Mn S b -^C o 2 MnG e if <7Vn — 7 ^ ^/t^£r 

^^i^^iClj:, AI2O3, A1N, MgO, SiO 
2, GaO, L a A 1 0 3 > MgF 2 , MCaF 2 4^ 

[0 0 2 3 ] #$6Wfc:fc^t\ ft 2 0>Elft<aAB£t>tt 
[0 0 2 4 ] #«9Jfc::iS^T, «tt«*KtffcE»*>* 
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7*^* hhfcl 2/ 1 itti J: 
[0 0 2 5 ] *«W<0«jSie«£Stt\ ^(7>^|B«^ 

[0 0 2 6] 

"T^o Hi (a) tt**W<^»l 

lBttSt«*r«HtWU:«i-»rBH*e**. Bi (b) teH 

1 (a) {C^i-^fStS^«tOA-A«S(CfSo^^»T 

EHT'&S, Hi (c) teHi (b) \Z7F-fm&&&J: 
Lrfit^fcWfffiH-CfcSo *7t. Hi (d) ti, Hi 

^ (a) \^^mfzufcm&<D-n&m.mwz.7F-tm&m 

[0027] Hi (a) - (d) &j^ttftE1ftSett 1 

0 13, MR AM (MagneticRandom Ac 
cess Memory) T'fcoT, Hi (a) M7F~t~ 

1 2 tx^zm&ztix^z* 

[0 0 2 8] ttMEtt*-? 1 1 1$, 3t^tt 2 S h 

I?, toTSfiBti 6^lt h7^^^ 1 2£« 
^n, 1I4H7, 1 8j5«rw btur t^So **5, *n 

^/^L, #I#f2 0liSS^L, H^2 6ttt{b 

[0 0 2 9] Jfitttt 2IF 1 3 «: , IBfil 1 6 

{gOd>b, fftlffi 2 1, h ^;MP7l 2 2, ^ 

« E»JB2 3, h y^^/< y 71 2 4 , R^ftlf fi 2 
5fc«&8HLfc*»S:*LT^S. ttfbi*l2 5^) 
♦Itt, l{k@*Ji 2 1, h ^7122, 
il23, »Vhy*;My7l2 4 0iJ: t?t>*<, 

h v^/u/^ y r 2 4 <£>fa*n 1 5 «rj*Ay-efe*^*ft«-r 

Siffi«r«tix-eixamiS-frTt^ 0 SSftS^il 2 5 (it 8 
9BP Lfc*tt«l 8 0>H«l«Btt, h>^/U/< y 7S2 4 

ttJKi 8 t bis*ju'<i>rm 2 4 ttem$\&)\z&&i£ix 

Xls *) , fl£ttJR i St ISviE^g 2 3 IS h y 
5t? 7S24$r^LT^{C^^fiiTPo e 
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[0 0 3 0 ] SlttlKl 8 £*K^SSfiUI 2 3 ^HCM 

ZtilzttL* mi (c) fc^fcaftfcRJBLfcW-fr, « 
ttJR 1 8 £ BSSvfS^g 23^lih >*/W< VTJ82 4<D 

[0 0 3 1 ] fcas. roj:5*#IlcJ:«i:, 
t>ff3«T-&6c 

[0032] 0 1 (a) - (d) trMLTRBlfei 
!Oftt)DtB2 (a) , (b) ^-r«JSS:«ffl-t-S 
:Urnc 12 (a) , (b) 13, -tix-fit. Hi 

(a) - (d) fc***ifi<D§E#«**l&«fc^+*ffi 

mx-hZo 

[0 0 3 3] 12 (a) fc*t-««|BlR3»« 1 0fc*3^ 
[0 0 3 4] 12 (b) lc^riK«EtSK« l 0fc*3lr* 

rt>, 2 5 £>aftm£jR i 8^ ffl am x r> t> 

0««^J:S4:, ^!B©l2 3lj:llIl 8(^MIK 
/KD««lE»ii2 3i:#t^«Mi^^ 0 Lfc# 

or, §2 (b) K:^*fSi£l-J;&£, *#&^p#<&<£ 

[ 0 0 3 5 ] » 1 OSIffi^Stfc^t , EttJSl 7 , 1 

8{zm^z>m&ft&<t x ; 7 ^m&&m<nmvmtB s « 

[0 0 3 6 ] ffi«U 5«ttKl 7 

1 3^I£j^l 4 Oi^fafcfco h&^Zt 

[0 0 3 7] H3tt. KMSttft&fltl 3<7>IB|gl 4(7) 
7*>SB»1 4 0«^*fp)^JBofeftS L 2 
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[0 0 3 8] D3^^-TJ:5^, ft.L2/Li&£ V *Z 

o±#ttfifD-r««iRi^*>So &sc85flui 2 3icj: i? a 

*»fc«»*rHllDi-6^r4, tfcL 2 /Li»l. 2£t_bT- 
bZZt&&*L< . 1. 5J£*±T*>5£ 

S^iRl^fBofcAS L 3 l:»tS»tRi 8 <Die«U 

5 0*#*-fSj^fiofc*$ L 4 ^tfcL 4 / / L3^1 . 2£* 
iiT-&5r L< , 1. 5J£l±T-fc5r t) 

[0 0 3 9 ] EM£JS 18^ >*/Us< VTM24t&& 

*/a£Jx5<0T-*>*itf, IttRi8^hy^w^7l 
2 4^l^ilTv^<tt>J:t\ *^J;5tt«ftWfc 
*ffl5tt, ttttJK 18th v*/u/< y TM 2 4 t <o 

fflOJEHt^O. l^mJ^T, »*L<.tt0. 05/im^ 

[0 04 0] **5i^BB*«*n sec 

*t> (Kfflj9*-C«ffl-rSfca{>) , »&IR* (skin 
depth)) $i*> ty^DV^iTfcSr^^ 

6 - (2 q/<o») 1/2 

0<iQ*cm9J:t*>5:i:W4L<, 5 0 ju Q • c 
[0041] fcmmitv? h«ttS"»«r«*-rs«tt 

017, 1 81^, Co-F ,&t^C o - F e - 

N i &&m(D£ o t£^&m ; C o - (Zr, Hf, N 
b , T a , T i ) m*? (Co, Fe, Ni) - (Si, 
B) - (P, Al, Mo, Nb, Mn) ^^07^ 
40 7r^»M ; m*\Z. (Fe, Co) - (B, Si, H 
f, Zr, Sm, Ta, Al) - (F, O, N) ^ft^ 

(a) - (d) ^•r»*«c»bnst><o"t > rift<, a 

[0 04 2] Mgl 7, 1 8t£££nSi^fpa{fcy 
5i? 7F8tt*tSi:LT3/<^h«ri«»^t43^h* 
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<£&*m^h<Dk t tic s»i4, i5ott»iir 
7, i 8 *:<DiBT-tnb*««-*-6»»*««s:a:tk-r* 

[0 0 4 3 ] ^{kS^PS 21, 2511 *n-t"iX»«tt 

■ ^rttsrt^-csa. ^ o 

»f4»«tt«r*t"t>OTfcn«4»fc«li»f4ft< . F e, 
Co, ftVN i tzzm&m ; ; ^^y»8 

*«>*:#l^^*#-f h ( F e 3 0 4 ) , Cr0 2 > 
RXMn0 3 - y (Ri^^±H7C^^r^L, XliCa, B 

fctfo ; fO^CN i Mn S b&U<P t Mn S b ft<!fcQ*>f 

0, 0. 4nmEHmS:i:^U\ 
[0 0 4 4 ] ^(O&^ttJitCt*, F e -Mn , P t — M 
n , P t — C r — Mn , N i — M n , I r — Mn , N i 

21, 2 5 1 it, mm&mkftm&mt*>9mmt:m 

' [0 0 4 5] »8ttJKI(CCo (Co-Fe) / 

Ru/Co (Co-Fe)^Co (Co-Fe)/Ir 
/Co (Co-Fe) ^^OSfl^^LTFe-M 
n, Pt— Mn, Pt— Cr— Mn, Ni— Mn, Ir 
-Mn, NiO, &aFe 2 03ft^feft5S»«tt« 
£fc£ !>, ttfbH*Jl2l, 

[0 0 4 6] E&&1E&J12 3 0:g£L£*IW£cDfci:L/ 
9#£LV>^, @1 (a)-(d) 

mm LtzM&ia$btL/vf& i T^ortiiEfiiia 

&i*tf£ft:a*Tirte£ftS. **CIB»JB 2 3f4, * 

[0 0 4 7 ] «^ia^«2 3fcJB^**t»tt«W4£j* 
-tt^-C*>ixW!Wi«fl»»ift< , Fe, Co, XtfN i 

4 V (F e30 4 ) , C r O2* MRXMnO 
3 _ y (Rtt#±JK5c*«riFU XttCa, Ba, &1/S 
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tCN i Mn S bMP t Mn S b ft ^<7>*>f * 
e^Jcftbft^Sfi^J?^- i^^g-C^i? , 0. 4n 

[0 0 4 8] m$mmm2 *siBt^ottj: 
<, a««jaT?*>oTt>«t^ 0 m%umm 2 3 

id? [0 04 9]ifc, iKfelES* 2 3 *r**1£JI/'#Btt 

2 3^«»aff*r^fflS-frS»lc«SCE«« 2 3d>b^ 
fcB*JB 2 1, 2 5 ^(DMMmn (stray fie 

1 d) ^*»^ft<ft-5(D(^ax., ^^yt/HW 

OJKff^rJ: 5ff<-T«5r ^coy^ 

[0 0 5 0] _hi£ Lfc$tft:@;^/f 21, 25 RtHK^IB 
«JB2 3JCffl^*5fe«ttJBtt, ±^Lfc*tt{*J-j(jo^, 
Ag, Cu, Au, Al, Mg, Si, Bi, Ta, 
B, C, 0,N, Pd, Pt, Zr, I r , W, Mo, 
X^Nbft^^«tt7C**r*»tt*3teh>ft^ttB"C^ 

2 5(Cffl^5»«tt«ttJ«ffifC^fTft--*'fp|«*ttSr* 

0. 1 nm~ 10 0 nmt'fcS: 

[0 0 5 1 ] h^;M97l 2 2, 2 4(OW^Lt 
II Al 2O3, A 1 N, MgO, Si0 2 , MgO, L 
40 a A 1 O3, Mg F 2 , C a F 2 , SrTi 0 2 , A 1 
L a O 3 ^^(0Rt^^«:tegMi^5C:i^T# 

[0 0 5 2 ] ±»Lfc«ftE«K« 1014, ^ 
l«h7y^^ 1 2^^^ixfcSg20J:{C 

Kl«ia«:ft< 1 Si, Si0 2 , AI2O3, ^^/K 
5^ -tO«fc5ft««*sevM4T*«lCffl^5 
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#5$£LTI*. Ta, Ti, Pt, Pd, Au, Ti/ 
Pt, Ta/Pt, T i/Pd, Ta/Pd, Cu, A 

i-cu, Rxfwm&m\fzzhW£z. r co^^te 
ggt ion *i^/<^yy/s, *t#ife, 

10 0 5 3 ] £A_bRE bfc«SCIB«Sg* 1 0 OElftB*: 

jMBttRCl 0^El»«jao-W4r^i-|sII«Hr*>S« 

0 4l:^t, Hi (a) - (d) fc*-r«*lB*Jl« 

1 OCOgE^ 1 5 tttTy hmt LTfflVNbn, SB^l 4 15 

#8H»*2 71*7— K*«r*U #«##2 8tte'yh 

3 0l^l]f3-^L, #8B#*3 1 tt-fe VJ*7 
ft^LT^S. HI (a) - (d) tC*-r«»lE«*« 
10(1 5 

So 

[0054] Hi (a) — (c) lC^-t-S£^^tS5B^ 1 

0O@K*fi!£ote«>«S:^-rialBH 
T'fe^c H6tt, B5C*t@B*«*l»fflLfc 

1 irota«-«t:W»|:*t« 

i'jfr/M** 1 3 h?4*— K3 2 £«rd0UfflRU !7- 
Kttl 4 £ tfy htftl 5 fcwSC*«7?-t*ubfc*«Ufc 

[0 0 5 5 ] #3B9!a># 2 ^^IWiCOPTl 

0Jf5 o 17 (a) tt**W^*2(7>SIJ6»tt{C«<5« 
»E«K«*r*»«fc*-#-»EBH"C*>9. 17 (b) [* 
17 (a) tC^-f^|B«»acOB-BjSl^fSofeffli» 
SraoBffcao *IKlS^1»^«sai»BBi»*fKl Of 
I*, *l©»**»fc«6««llB*iS«l Oirttllft 
5,»ttJBl7, 1 8l*3*1Kte2fi 3 co 

ftTi^S. r<7>J; 5 fc*»fc»JH Lfc»*\ JfcfflBii 
7, l 8 i 9lttt 2 X h y l 3 i: otti*b* 

[0 0 5 6 ] #«§J|o» 3 w»Ii:o^ti 

18 (a) tti*:»W<0«3 0||lfe^ffi^«S« 
ftEtt»«*:«ftW^^r»rffiH-C*»?>, B 8 (b) i* 
H8 (a) «ftEBil«oc-C»JcfBo^a;» 

It fi <0Wfc»BMc««ai*IB«J*« 10^ l**fc 

4 36»fco«««#«rJ: 9#*»fcfc«tt2* hV*yM* 
[0 0 5 7 ] SUC, **9§0»4<DSSlfe#«fcOV*TR 
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W-f*. 12 9 (a) tt**W^JR4 0H«fl?1IHc«««L 
ft|B«S6«*r«*»^^ir|5raDHT-*>l), 0 9 (b) I* 
B9 (a) JC^-rfiSSvKtSKS^D-DjSltC^ofcfflJ^ 
BfrffiBf *>*. **JS»«8^«51K«IB«S6«1 Of 

9 , ttttflt 17, 18 tt»flW4 2 S h r/*^** 13(D 

ttKim<iaii4, i5^RbfcoT»«i 

7, i 8 fc iMtt 2 * h >*/M*fr l 3£coffig-£to* 

ottt, JSi^siJ6jg«^«s«fttattt»«:i o £1211 

Rttfenrir**. :©J:5^iS^ttI^, IBS* 
1 4 fct><nnMmft& J: 9 2ft*»«c3t«tt 2 S h 

[0058] *»wwjit5ogWi[»i»fco^riB 
lion *lKwf5o^Il;#5HS 

^ ttMBtkSKi 0£i**fr9, KJfti 5£}&ttJRi 8£ 

[0 0 5 9]^!:, «0J^6^M(:o^ri 
^f5o BlilJ, **W^«6 

e«s««>— «*r«*tt^-*-»fffiB-c *>^o mi-m 

3 4 £#*ftOil!&&LTRtf fc;h,3. i»Lfc*aSr 
fljffl-*-* £ > iMKtt 2 fi h l 3 tc»3Mft(c® 

t>"5TIBf 

[0 0 6 0] B±8BLfc»l-|56©JBI[»ll'Ctt, 
B£<fc@5lrg 2 5CO*I£, Mlfl 2 1 , h^M!/ 
7122, ^$C1SS« 2 3 , h y^/W< 1)7124 

<7>*I£ 9 U h V^>yu/< y Tig 2 4 <7>gE$ 1 5 £r 

^f**Kitt«rs±ffi*-tn-enitaj$*, 
^ mm&mm Lxm&m ist m&umm 23 t *m$sj& 

«f li, Iftl*|2 1> TM 2 2, *ft 

ie®a 2 3, h V^/U/^ y Til 2 4 , X(/fi5^@iSS 2 

[0061] Bl2tt, *^«OS7W^MIC^5 

afttBttna^-as^ftftw^+srffiHf *>5o 

ft^ffifc«5«StIE1SK«i Of 13, Ii^^Mi; 

«sa»iB«si«i 0 ^tt»*t>, »{kH*«2 1, h 
v^^^* ^rg22, m&umm 23, h r 

50 12 4, MMiil2 5CO^T)d^-COi§:ft5 
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[0 0 6 2] #3Mfcfl?tt-Cttt, ^ftjgil 8 OH 

Q*I*r3ltfl&te2j| 3<7}jj>I£*_L£ LTlo 

$\umm 2 3 1 <Dfi$\z.mk®mm 2 5 ir^^p 
«ttii 8 tm^xumm 2 3 ^kww^ 

[0 0 6 3] *Sttt»lB^*3^r, EfcttJKl 8COpEj«3|5 

ttftir^ifiiMa^»*n,^ a^ri soffit 

£tt&IBftJ| 2 3 ^OEHttt, 0. 0 5tfmBmn 
[0 0 6 4] *«»OS8(?)IMSI;o^T» 

mi 3 (a) »*«noff8oxx«scffi$ 

(b) ttHl3 (a) C^fKlfiigfWE - E SfUC 

[0 0 6 5] "ferv^«jje«[»*^i: UCMOS h ^ >- 
co$I htti 5^5PfTft*|p]Ovf«fe) £w, g£ 

5 cog^^-^r-^ t> -fr 5 3t«tt 2 s h >^mb-& 1 3m 

tt2S h>^Mg-&i 3 IH H#mfcHLTttt 

[0 0 6 6 ] ^rix^)^, ffijjli 4 Og^frfpJTP »? ^ 5 

5i&K#*>3i&*, EUl 5<D«^*[S)TB0-&5 3S«i4 
2lh^;u«^l 3 F^co^ h-^|J£,f Lt#8 

3 (a) , <b) te*-fj;5fc, 8*E*1 5 

O{i0®^t/S®(c^:(j- £ofiM4JR l 7 £fSi$ i 4 coin® 

f5C^/i<aitt2ih^;u8^i 3fc#LT£&^ 

iff ^ £ -frS r £ 
[0 06 7] 113 (a) , (b) fciF-r 
Kfc^Ttt, 5i«fctt2fi h^S^l 3M**LTJ; ■? 
»*W«c«iE«#S:fffflS-e:5fcae>|c % Hi 4 (a) , 
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(b) Mil 5 (a) - (c) lOTtM^LT 
fc«fcV\ 014 (a) , (b) Id, *r*v&h„ #«W<D 

*8tz>ieife?Bi»^« < 5«ftia«jR«oBa«i 4xvitt 

*1 7t7>«5ft^ffi|S:aiiBje<)^*"#-WfffiHTfc5. 

hi 5 (a) - (c) tt, -en-en, *&m<Dms<Dn 

ft»«(C«5««|EttJ6il(DE|Rl 5Xt/««:JRl 8 60 

[0 0 6 8 ] |14 (a) HfetffclB 15(a) RXf 

(c) £*5t^T, E*|l 4 tm&mi 7j£tt£E«l 5 

So £/c, Hi 4 (b) aVil 5(b) £*51^T, IB 
«ll 4 £W£0tl 7t^E«l 5 £&te^l 8 13, ^ 
n^t3Sffl««j££«/SLTt^ 0 C^J;5l;, Effi 

[0 0 6 9 ] «±R«Lfc*l-fl8 0S«[»*-CWt, 

I*, attHEft*^ l i(Z)M^^S^<!:^^li, mi 

T^So -fftfr^ *SWli^S^!Stlgf 10 
13, &ft:QtfJi 2 1, h y 7g 2 2 , 3ltN8« 

ffiftJI 2 3 L^:«JS«r*-*-5Si«tt 1 fi h V 

*/Hl*3 5*:*irP5, SS^ttia hV^8^3 
5±{CtttTjy h«3 4^**ixTi3t), fj/hi34 
Jbfctt, MMl 9^^lTWl 8r-S^>ixfcm^ 

«§3 5 0T*Ctt, tII£i3 3MtVh)S3 4^ 
[0 0 7 0] *SM6»«(cfetNT, IttRi 8 Id, Co 

[0 0 7 1 ] flatttJKl 8 ^MtSCoTcg^ffS 
*ft»ttfty7h«tt*f»K^Ltli. C o - F 
^Co-F e— N i ^m^ifO^JB; K/CCo 
- (Zr, Hf, Nb, Ta, Ti) (Co, F 

e, Ni) - (Si, B) - (P, Al, Mo, Nb, 

Mn> mttz<DT*ju7 7 xwmm^&m^zzb&T- 
so #5 e $.Tc, ittii8^t5M-^4ity^ 
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J-^yWkt LTtt, (Fe, Co) - (B, Si, H 
f, Zr, Sm, Ta, Al) - ( F , O, N) *fc£T 

[0 0 7 2] **5, m9 0HlS^«|-CW, «ttffll*BfS 

#a^W©«««**:{SK^II6r*>* r ^ lit 5 £T->fe 

[0 0 7 3 ] 

[xkw] cmmm n me ic*+«*ia«fc*« i o 

Sr^T^SIcJ; tUMULfc. £i\ Si/Si0 2 S ^ 
tR-LK* TaTMMf^5 0nmOCu|^|^ 

@XJR 2U LT/8^fejh,6J?£ 1 7 nm<ON i 8 iFe 
19/1 1 2 nm£> I r22Mn78l^f ^ 3 nmCOC 

050F esoStnM&m ; h>^/^<yrii 2 2 £ IT 
ffl^ib*uSJ5£ 1 nmCDA 1 2O3S ; m^fS^/§ 2 3 £ 
LT^l^iX^f $ 3 nmCOC 050F es 0 J§£&£ 1 7 
nmON i si F e 19 J| £ Ott-frR ; ^t/ftlli 

[0074] rnfeawR^fiSiRj-tt^^y^ y > 

h £ ITA 1 9 — tf y h^rffl^ V 
Lt^A r £iHA ITA 1 «£»ffi*-CjS;JRLfc 

wOA 1M/7X^ 

< JLoBHfc*»a>fc^ A l zOzMZmftrtZ Zk&X-Z 

[0 0 7 5 ] ±aLfc*«fer»fiJtL>t:a«« (A 

u|^tCu|i(ON i 8 lF ei 9 H*-C) £ , 7* h'J 40 
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[0 0 7 6 ] »^T, Z<D'<*~ -l/Jf\zmRVtzUis 
2 5 0 nmOA 1 2 0 3 Jg&/f Wif&^Jg 1 9 £ LTf^L 
bid, iES 3 4 **at 5tJ()» l/^^ h/^-VtJ? 

[0 0 7 7 ] ftti, t/# y >^gric£ 19 > S 

i 02^b^5** 2 5 0 nmOifMil 9 

U !i7ht77 p at^(Ut)AuEi33^ 

0 , at«eftji 2 3 mmmm 21c 

[0 0 7 8 ] &*5, Sfi&fP^fby^ h LT(4 

tie*! ^^i-w^Srffl^rffi*ait7>«^iEigrsiai 0 

n i — f e ££!i^^fati§£§fcfE®Ltf: 0 
[0 0 7 9 ] _hi£ Lfc*tttf^M Lfc*«UE*»1K 1 0 

Lfro ~ttet>1b. S2^3 3|;iOnsec ^mift'^.* 
|:^A*^ya>f^*:ffl^T2 0 o e w«»*rf^ffl$ 
«fttB»Ji 2 3 0«[fk36iSfiU)i:^3&Mi, 3£3£f£ 1 X H 

3 5icac«t««*r»ur, m^n&tomt^ 

[0 0 8 0] 

[*i] 
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tttt/KOtfS 


! c (rnA) 


Co 90 F e 10 


1 6 


C o go F e 20 N ' 20 


1 4 


C o 30 F e 30 N i 40 

W W "V 


1 5 


Co 70 3 F e 4 7 s ' 15 B 10 


1 3 


c 0 75 3 F e 4 7 S i 4616 


1 3 


Co 69. 6 F 8 4. 6M0 1.8S i 8 B 15 


1 3 


C 0 70 M n s B 24 


1 4 


C08l.5M09.5Zr 9 


1 5 


C 0 Z r 4 


1 3 


G c g) N b 5 Z r 3 


1 A 
1 *t 


C 0 35 N b 7, 5 T i 7 5 


1 4 


C 0 90 F e 2 N b 8 


1 w 


C 0 50 A 1 10 O 34 


1 4 


Fess V13O29 


1 6 


F e 49 A \ 17 O 34 


1 6 


F e 40 B 25 N 35 


1 5 


F e 59 Sm 17 O 24 


1 7 




4 5 


N i 81 F e 19 


2 2 


N ' 50 F e 40 


2 0 



«f*5N i -f e &m^itm& titwivizm&iz&\,^ 

2 h ^/i^-a- 1 3 *r*-r*i»«re«ss« 1 0 co^r 
[oo82] mmm 2) mi ( a > - ( c ) ui^i-a 

ftBttSCi O^^T^^ftlcJ: GtfsitLfc. S 
i /S i 0 2 S«±i£* ^7X-7 CVDfellJ: 9 S i 0 2 

2li:Wl 7WiE«l 4£^)£Lfc e 
[0 0 8 3 ] -ftet>h, 7T!/^^l\ :^Sio 2 

tfjg®£?g 5 J: 5 M«fi*Ptt<lsy 7 h UN 
i 4 oF BQ 0 Z*'*y* !I^U p<$/*£ztwJ; 

u«*»*i-^ci:JcJ:i?, fl&teigl 7&U<IB|Rl 4£ 
[0 0 8 4] ^(C, S i /S i 0 2 g&OB&f£m 7& 

t/SE»i 4 &m&Litmc* ^7X-7cvDSia?)s 

i 0 2 i>>bteZ&£ 2 5 0 nm<PJ|fHI&8kjR&7gj«L 
/Co ^0«ra«fe»^Jb(w, Ta/W/TaTW^ 



*t£J?£ 1 7 nmGON i 81 F e i9«£^£ 1 2 nm<7> I 
r22Mn 7 8S^^f ^ 3 nm^CosoF e 50 M t ^18 -a 
JR ; h ^/M P Ti 2 2 ^ irlt^n^i^ 1 nm 
<DA 1 2O3S ; MfSM»m 2 3 t LTffll>bn5*$ 2 
nmOC 050F esoiii:^^ 5 nmON i siF e 19*1 £ 
ff§ 2 nm<7)C o 50 F e 50W £ ; h 

JO TM 2 4 t LT%^htlZ>&£ 1 . 2nm(7)Al20 
3/I ; «fkH*« 25i LTfflV^kftSff £ 3 nm<7^C 
0 5oFe 50^1 1 2 nmCO I r 22Mn7sB t & & 5 

nmCON i si F e i 9 M t (Ofa^m ; UT^ 

[0 08 5] CnfeWBOjaflKCtt^^^^ryv 
^te^«#fe«rfflv\ «J»*S«M 3 X l 0 ~ 8 T o r r 
t bfco AI2O3SII *miTSBtfc©t 

[0 0 8 6] ±»Lfc#»T*J*LfcfIJMI (A 

40 uMfrbC uM±<ON i 81 F e isMtX*) & , ^fy^ 

R I EftiR^^-y ^ y y^ftWlc^: 0 0. 
8 jumX4 vmW<{ Xl:/^- -V^Lfc. £A-b<7><fc 

[0 0 8 7] fiKt^T, tilfilS i 0 2 &U<S i 3 N 4 *» 

ffcB*Jl2 5£LTffiV^k*l5C 050F eso** I r 22 
Mnysl. XtfN isiF eig«^<Z>1S'&«XrJ c Xrj c «» 
Lt«t^il5AuIftO. 8 jimX 2 /i mOt^f 

50 [0 0 8 8] ^X^CVDttCi D S i 0 2 



(12) 
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a>fc&£Hlfflil&»JRi 9£JgjS;U CMPifctcfc 0 -to 

feo &*5, CMPft^S i 02inKftRl 90fitt 
2 5 0 nmat S i 3 N 4 /^-y^R I Eft 

[0 0 8 9] Si0 2 iflteill9i:(:^-"K 

s i o 2 mmmmmi 9\zm&mi 8<Dittb<omn 

&&f£V1to . jSffi)5?h>'^!J7Ji2 4t 

^I^^ixS J: MwiMMMMfcy 7 hfiM4*f»£ IT 
N i 40F e 6 0^^^^^ y V^U, 

ttRl 8&^J*Lfc 0 
[0 0 9 0 ] J£*_bCD J: 5 IT, 111 1 ( a ) ~ ( c ) XL 

1112 1, 2 5l;-^^tt^tMM^t^ 
[0 0 9 1 ] &*5, ^ft^l 7SrRtf iJBl^ 



70 
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ttW«*>#SsfcJ:9Bl (a) - (c) «C*-*-«ftE« 

7, 21 3 , &tf«teJRl 8fcH 

l lfci5%-*-*a!t«r*ffiU/t:«*lB*»Bi:, tttll 7 

iz.® 1 2 «c^r*««r«ffl Lfc*5*lB««* t *rfl« L 

7 , 1 8 £ flMMBftJI 23^ <DfeM\* 0 . Uymtl 

[ 0 0 9 2 ] Lfc#tfc-C«£« Lfc«ftE«t«« 1 0 

LfCp ~f &*?*b, gd^l 4, 15lCl0nsec 

r t\C£ V, ttfttBft«2 3£&£*)i!;*fi 

&*3, Bil 4fci«Lfc«ift^^tD«j«fitl4 5inAi: 
Ljt 0 KM l 5 l:Sti^/^M Oii5W$:t/r fctfjto 

^bfc. «&1E«JB2 3<D«ffc3&*S<ELfc^a> 

[0 0 9 3] 
[*2] 





5fcti@n 7 


I c (mA) 


01 (a) - (d) 




3. 5 


El (a) - (d) 


as 


5. 1 


HI 2 




17.5 


m 1 2 


tit 


1 9 



[0 0 9 4 ] hmWt2\Z^-rX 5 fc, M/^fiMf 
tS [11 (a) - (c) 

(Bl 2l^tiSS«:»Lt4s5) , KttRl 7, 18 



[0 0 9 5] (SIJSW 3 ) 2lh V* 1 3 

2rTfEicl tc^-f U Ml 7, 1 8CTIB* 

3 XtJ<* 4 fc^W»*rffit^fc^ i:eJl^tt*lfe«2 
^O^fttC ±9 mi ( a ) ~ ( c ) i£^-*-**E«g« 

si oo-tti-fixico^T, iB«gi 4{c^-rmss^^^ 

*oft*t>*3Xt/*4^»-erT* 

■To 
[0 0 9 6 ] 
[S3] 
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[0 0 9 8] ±|E* 3 &U^4 M^-T J; 5 , ^-rn^ 
»-&t> I c tt+5Mc«V^ % ^ttJRl 7, 18$tCotc 
»*t*t6ilE«»ftV7 
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»0«|»«Ad*(S«Sn*:««E*««*««tlt*n*. 

[Hi] (a) li*«W0JRi0S*^»^«-5aftE 
«!8««:«»»fc»-*-WfBH, (b) f2 (a) \z.7jk-tm 

(b) ^^-T«iS*ra*Lr»^fc»fBBB, (d) 12 

(a) (c^-r^s5»Kso-^$rtitiifew^^-r^tg 

Hp 

[■2] (a) , (b) 12, ZtlZtl. 01 (a) - 

[B3] «««a»*«(7>*$Li»c»-r5«»*o* 

[0 5] **W^*l^**»«S^««5«ft|a«K«0 
SI * ^ o ftil co #J £ * -f m & u Q 
[0 6] 0 5{c^i-Islj»#fi8;«:»fflU*:»*O««E« 

[0 7] (a) l»iP^f2 0»ll:«SlSE 
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